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Remarks: 

The following remarks are provided to further 
scientific importance of Applicants' discoveries as claimed hereijn 
commented upon previously (see Applicants' paper mailed 
pages 5-6 thereof, and Applicants' paper mailed October 3, 1994 
thereof), substantial difficulties prevented the production of 
full length CFTR-encoding DNA. Applicants patent application 
unobvious solutions to these unexpected difficulties. 

To illustrate this, the Examiner's attention is respectfully 
Drumm et aL "Correction of the Cystic Fibrosis Defect in vitro 
Mediated Gene Transfer" Cell, volume 62, pages 1227-1233. 
record in the present application by way of Applicants' 
Statement]. Two of the co-authors of this article are Drs. Francis 
James M. Wilson, the named inventors of U.S. Patent 5,240,846, 
Office has cited against the present application. However, the 
article, which was published in September 1990 well after the 
to which the present application claims priority, acknowledges 
thereof) that ../'Early attempts to reconstitute a full-length CFTR 
overlapping clones were uniformly unsuccessful." Thus, the di 
aforementioned were still being experienced well after Applicants 

It is respectfully submitted that neither any patent 
US. Patent No. 5,240,846 claims priority that was filed before 
nor any publication available before said date, discloses either 
or the solution to, the severe difficulties that prevented 
recombinant cystic fibrosis transmembrane conductance regulator 
polypeptide - a problem first recognized and solved by Applican- 
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: application 



September 



the 



■ expression 
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22, 1992 at 
at pages 6-7 

, recoverable, 
discloses 



directed first to 
Retrovirus- 
reference is of 
Disclosure 
S. Collins and 
Which the Patent 
Drumm et al. 
March 1990 date 
|at pages 1-2 
cDNA from 
difficulties 
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18, 1990, 
existence of, 
of 
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The Examiner's attention is further directed to a publication by 
Chee Tsui ("Probing the Basic Defect in Cystic Fibrosis", Currenjt 
Genetics and Development, volume 1, 1991, pages 4-10, 
attached). This publication was called to the attention of the Parent 
Applicants' paper of December 22, 1992 (see pages 5-6 thereof) 
prior art. Dr. Tsui is a coinventor of each of the patent applicatii 
07/399,945; and 07/401,609) filed in 1989 to which the cited U.S. 
et al. (No. 5,240,846) claims priority. The Examiner is invited to 
teaching of the Tsui publication, at pages 7-8 thereof, under 
full-length CFTR cDNA" wherein Dr. Tsui finally ( after applicants 
acknowledges (1) the existence of very substantial cloning difficulties 
presentations of solutions thereto including those by Applicants 
were cited as among those believed to have first solved the 

Applicants submit that the teachings which provide 
of these difficulties/ and therefore for the first time enable prod 
encoding DNA that may be cloned and recovered in bacteria, ar^ 
in U.S. patent application 07/488,307, filed on March 5, 1990, wHich 
the present application. 



pre ibL 



successful : 



Please add new Claims 160 through 163 (which find their support in the claims of 
the '307 application as originally filed) as follows: 



with 



-160 (new) A host bacterial cell comprising a DNA molecule, 

sequence modification within the polypeptide- encbding 
thereof / said molecule encoding for a polypeptide 
acid sequence sufficiently duplicative of that of huiinan 
allow possession of the biological property of epithelial 
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Applicants 
em . 

resolution 
Action of a CFTR- 
first provided 
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channel regulation, wherein said DNA molecule i£ 
said cell such that the viability of said host bacternil 
substantially affected thereby. 



161(new) A host bacterial cell according to Claim 160 wherein said DNA 
molecule is present therein in low copy number. 



162(new) 



A host bacterial cell according to Claim 160 wherein said DNA 
molecule contains a point mutation within the encoding sequence 
thereof that substantially prevents recognition by s^id host bacterial 
cell of a cryptic bacterial promoter therein. 



163(new) 



A host bacterial cell according to Claim 160 whereii 
polypeptide-encoding region of said DNA molecul^ 
intron that disrupts expression therefrom of toxic 
polypeptides.- 



partial 



It will be noted that these claims do not present subject matter or 
already examined, but merely ensure that applicants gain the 
bacterial cells to which they are properly entitled. 



necessary ; 



Conclusion 

No Request for an Extension of Time is believed to be 
time since the Examiner's final action herein was mailed on June 
extension fee covering the second month-after final was transmitted 
Applicants' prior amendment herein on October 27, 1.994. Additionally, 
for the additional claims are believed to be due since the number 
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added is substantially outnumbered by the number of claims 
way of Applicants' paper of October 3, 1994. However, should 
determine that claim fees or extension fees are due, the Patent 
authorized to charge such fees to Deposit Account 07-1074. 
§§ 1.136(a), a Request for an Extension of Time is therefore re 

Applicants believe that the application is in condition for 
is respectfully requested that the claims now be passed to 
Examiner is invited to phone either the undersigned at (508) 87l 
Applicants counsel of record at LAHIVE and COCKFIELD, to di 
matters that she believes require further attention. An early and 
is requested respectfully. 



canceled 



Office : 



herein by 
the Patent Office 
is hereby 
Pursbant to 37 CFR 
quested hereinby. 
allowance and it 
allowance. The 

8400x2555, or 
any 

favorable action 



discuss i 



Dated: November 16, 1994 
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Probing the basic defect in cystic" 

Lap-Chee Tsui 



The Hospital for Sick Children, University of Toronto, Ontario, Canada 

The concurrenr developments in elect rophysioiogy studies |jnd the 
identification of the cystic fibrosis transmembrane conductance egulator 
(CFTR) gene has provided a unique opportunity to probe the basic cellular 
defect underlying cystic fibrosis. Various properties of the CFTR. protein 
have been deduced from its primary sequence, the variety of mutations 
in patients and genotype-phenotype correlations, as well as the iesults of 
more recent DNA transfection studies. The most exciting observation is the 
fact that CFTR acts like a cAMP-regulated CI~ channel 

Current Opinion in Genetics and Development 1991, 1:4-1 



Introduction 



P.0? 



ibrosis 



Cystic fibrosis (CF) is a common autosomal recessive dis- 
order prevalent in the Caucasian population (for a review 
see [1]), The gene responsible for this disease has re- 
cently been identified through molecular cloning studies 
based on the precise chromosome localization of the dis- 
ease locus (2-4). Currency the most exciting challenge 
in CF research, as for any disease in which a genetic de- 
fect* is found be/ore a clear biochemical description of 
that defect is available, is to identify of the function or 
functions of the gene product. Of particular importance 
to CF, however, will be to understand how the same de- 
fect can cause problems in a variety of organs. 

The abnormality in mucus secretion resulting in chronic 
obstructive lung disease and pancreatic enzyme insuffi- 
ciency, together with the elevated levels of sweat elec- 
trolytes, are indicative of a general exocrine malfunction 
in CF [1 ]. A defect in the regulation of chloride transport 
has been the most consistent finding in studies of CF ep- 
ithelial ceils (Fig. 1; reviewed in I5'.6*J). This defect ap- 
pears to be characterised by the luck of a cAMP-mediated 
channel respoase, but there have been different descrip- 
tions regarding the properties of the chloride channel in- 
volved (7-13). Early single channel patch-damp studies 
suggested that the channel is outwardly rectifying with 
a conductivity of 26-50 picoSiemens [7,8], whereas the 
more recent measurements indicate that it may be a small 
Linear channel of 4-8 picoSiemens (11-13). 

The concurrent developments in CF elecirophysiology 
studies and the identification of the gene has provided 
a unique opportunity to probe the basic cellular defect 
underlying this disease. In the past 18 months there has 
been significant progress in understanding the relation- 
ship between the observed defect in chloride transport 
and the putative protein product of this gene, named 



the cystic fibrosis transm<:mbrane conductance regulator 
(CFTR). r 



Predicted propc:-tie$ of the encoded protein 



From its cDNA sequence, 
1480 amino add residues;, 
ular mass of about 170 000 
tion, the protein appears tp 
are two repeated motifs, 
membrane-spanning regions 
site denoted as the nucleotide' 
2). The hydrophilic segnent 
membrane sequence is 
the bulk of the: protein h 
catcd.The largest predicted 
transmembrane segments 
sible N-linked glycosylation 
iniscent of those observed 
associated transport prow ins 
oies |3,M']. 



CFTR is predicted to contain 
and to have a relative molec- 
1 and a pi of 8-9 (3]. In addi- 
be internally duplicated: there 
each consisting of six putative 
followed by an ATP-binding 
' ^binding fold (NBF) (Fig. 

preceding the first trans- 
tabry in the cytoplasm, and 
presumably also internally lo- 
" extracellular loop is between 
7 and 8, and contains two pos- 
sites. These features are rem- 
for many other membrane- 
in prokaryotes and eukary- 



prob; 



The R-domain is a highly 
ing the protein halves (F 
not found in related 
is operationally defined 
codes this sequence. Of 
this exon, 69 are polar 
clusters of positive and 
of the ten potential sites 
kinase A and seven of the 
phoryhiion targets found 
main. Thus, the R-domain 
role in CFTR function (3) 
The presence of ATP- bi nil 
(the Walker A and B motif: 



CF — cystic fibrosis; CFTR- 



Abbrevraiions 
cystic fibrosis transmembrane conductance regulator; NBF — i 
PI— pancreatic insufficient; PS — pancreatic sufficient. 



cparged cytoplasmic region link- 
g. 3). This unique segment is 
transport proteins, and the domain 
by a single large exon that en- 
tile 241 amino adds encoded in 
residues, arranged in alternating 
nejjative charges. In addition, nine 
for phosphorylation by protein 
mutative protein kinase C phos- 
in CFTR are located in this do- 
is thought to play an important 



ling site consensus sequences 
s) in CFTR suggests that ATP 



nudeotide-binding fold; 
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Fig. 1. Cellular model for trans-epithelial chloride secretion 
(adapted from 1381). d" enters secretory cells across the ba- 
soalateral membrane, coupled to the entry of Na + and K + 
via a loop diuretic-sensitive N3 + -K" i "-2C1~ cotransport process. 
Sodium is returned to the serosal (plasma-facing) solution by the 
ouabain-sensitive Na + — K"*" bump, which also brings K + into the 
cell- Cellular K + is returned to the serosal solution via basolat- 
eral K + channels. These three processes lead to cellular O" ac- 
cumulation at levels exceeding the electrochemical potential of 
extracellular Q~. Q~ then exits across the apical membrane by 
diffusion through Cl~ -sensitive channels. Na + accompanies 0~ 
to the luminal solution by diffusing across the paracellular path- 
way, driven by the trans-epithelial voltage arising from electro- 
genie Cl~ transport. The defect in CF cells is thought to be at 
the point of regulation of CI "-sensitive channels. 

binding (and possibly its hydrolysis) is necessary for the 
/unction of the protein (3,l4 # 3. The first experimental 
evidence for the involvement of ATP in CFTR function 
came from a study by Thomas er al [15*], w ho demon- 
strated binding of ATP to a 67-residue synthetic peptide 
spanning the central region of the first NBF. This pep- 
tide contains the Walker A motif and [he central region 
of the consensus ATP-binding site, but not the B motif; 
nevertheless, this does noi exclude involvement of the 8 
motif in the native protein. 

Based on the primary sequence and its structural resem- 
blance to other transport proteins, it is inruitive to sug- 
gest mat CFTR is an epithelial cell-specific transporter. 
For example, Hyde eial [14*] argue the following: chan- 
nels, unlike transporters, do not require ATP hydros-sis, 
whereas CFTR has two NftFs; ion flow through channels 
is bidirectional, whereas CFTR resembles a family of uni- 
directional transporters; a CI" channel is expected to 
have a rurnover rate far more rapid than th3t of trans- 
porters; Cl~ channels appear to have varying properties 
in different tissues, whereas CF affects a variery of tissues; 
and finally, the molecular weight of a putative Cl~ chan- 
nel is much less than that of CFTR. Ringe and Pestko 
[16] further speculate that the products of the arachi- 
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donic acid pathway, leukotricnes 
possible substrates for CFTR. 
tivc hypotheses, a different 
from cDNA trans fecti on studies 



and prostaglandins, are 
Although these are artrac- 
concusion has been derived 
(see below). 



Identification of naturally occurring mutations 



tani 



Useful informarion about the 
CFTR may be derived 'from the 
naturally occurring mutations 
ants. An international consortium 
ysis Consortium), which consist; 
from more than 20 countries, has 
Ject this information. To date 
causing mutations have been reported. 



structure and function of 
characteri2ation of both 
normal sequence van- 
(the CF Generic Anal- 
of 86 research groups 
been established to col- 
oyer 75 different disease- 



The most common CF mutation 
one-lener code), which accountp 
defective gene pool [4,17], is a 
exon 1 0. The primary consequenlce 
deletion of a single phenylalanine 
which lies within the first NBF 
ode between the consensus 
has been suggested that APhe5)08 
binding or hydrolysis of ATP, or 
change affecting CFTR activity [3) 



(APheSQS, or AF508 in 
for 68% of the global 
3 bp deletion located in 
of this mutation is the 
residue at position 508, 
the predicted porypep- 
Wilker A and B motifs. It 



o; 



The structural and functional 
surrounding Phe508 has been 
eral additional observations. Firs^ 
has been found in the vicinity 
tation,' which is the only other 
tion found in CFTR so far, deletfe 
at posirion 506 or 507 (hence 
ond, amino acid substitutions for 
been found in two rare varian; 
ently normal (wiih either a 
508 or a valine residue at 506) 
sis of the physical properties of 
taining these amino acid resi 
of any of the residues could in 
rural change in the predicted 
affect ATP binding [15*]. These 
lent, therefore, with the hypoth 
polypeptide is more important 
actual amino acid residues in 



;iducs 



, this 



a number of missense 
within the rwo NBFs, isome of 
conserved residues in the 
(20), Ser549 (18), and Gly551 
thus confirm that ATP bindi 
ysis) is essential for CFTR 
that affect non -conserved amino 
Argll7->His, Arg347-UPro, 
and Pro574-His ( 18,21,22]) 3 
ing because the importance of 
otherwise be easily recognized, 
of these missense mutations 
present time, however, as ihe 
of the protein is unknown. 



may prevent proper 
cause a conformational 



importance of the region 
farther elucidated by sev- 
a second 3 bp deletion 
of APhe508 (18]. This mu- 
single amino acid dele- 
thc isoleucinc residue 
denoted as Alle507). Sec- 
Phe508 and Ue506 have 
alleles that are appar- 
cysijrine residue at posidon 
19). Third, direct analy- 
a synthetic peptide con* 
suggests that deletion 
duce a significant struc- 
sheet structure and also 
observations are consis- 
that the length of the 
than the identity of the 
region (18], 



mutations have been found 
them affecting the highly 
Walker motifs (e.g. Gly458 
[18,21 ). These mutations 
(and possibly hydrol* 
furjetion, Those mutations 
acids (e.g. Aspll0-+His, 
-►Thr, Tyr563-^Asn ? 
perhaps more revcal- 
ihese residues could not 
Understanding the role 
be more difficult at the 
dimensional structure 



Ala>59 



may 
three- 
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Fig. 2. Schematic diagram (adapted from 1391) of the exon-intron organization of the CFTR gene la) anc 
of its produa (b). The gene is composed of 27 exons. The nomenclature 6a, 6b, 14a. 14b. 17a and 
originally reported \2l The positions of the Cf mutations, including the major mutation !APhe508 



the putative domain-type structure 
17b reflects imron sequence.? nor 
? indicated. 



The mutation screening 'data also confirm that the pre- 
dicted initiation codon [3] js correct; thus, in addition to 
Aspll0-»His and Argll7~ His [22], there are more than 
ten other mutations known, to precede the next available 
methionine codon, located in exon A (amino acid posi- 
tion 150), indicating that the sequence between exons l 
and 4 is essential for CFTR function. 
Approximately half of the known CF mutations are 
nonsense, frameshift or mRNA splicing mutations (un- 
published data reported to the CF Genetic Analysis con- 
sortium) [18,20-25). Although mechanisms such as al< 
temauve splicing possibly prevent premature termination 
of CFTR synthesis for some of these mutant alleles, it 
is more probable that most, if not all, will produce a 
null phenocype. Although most of these mutations are de- 
tected in compound heterozygotes because of their reU 



atively low individual 
pies of CF patients h 
who are thought to have 
These observations suggejst 
not lethal and, moreover, 
CFTR phenorype can 
of CF 120,23]. 



fret} 
homozygous 



hav: 



uency, there are some exam- 
for such CF mutations 
null CFTR phenorype (20,23). 
that total absence of CFTR is 
patients with a presumed null 
merely a mild clinical course 



searches, 
toivards 



Despite extensive 
Uons have been found 
[24,25). In addition, no 
been noted in this regio^i 
normal and CF alleles 
Consortium) (18). The si; 
is unknown, bur they are 
th3t the R-domain is 



only two frameshift mu la- 
the end of the R-domain 
sequence polymorphism has 
among the large number of 
exajnined (the CF Genetic Analysis 
ijnificance of these observations 
ronsistent with the assumption 
for CFTR function. 



essential 
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Fig. i Schematic 
ed from 131). ~ 
brane-spanning 
the molecule 
ders. The 
ters each of 
erued nu 
is marked. The 
which links 
sented by a 
amino acid 
smalj circles 
charge sign, 
nal and external 
brane cylinders 
NBFs are written 
for phosphorylaii 
(A) pr C iV) 
are indicated, 
the amino add 
and the symbol 
acid! residue 



^ Asp 



model of CFTR tadapi- 
six predicted mem- 
lelices in each half of 
depicted as cylin- 
at which ATP en- 
cyioplasmically-bri- 
binding folds (KBFs) 
large polar R-domain, 
two halves, is repre- 
e. Individual charged 
are shown as 
the appropriate 
charges on the inter- 
loops joining the mem- 
and on regions of the 
in boxes. Potential sites 
ion by protein kinase A 
N-glycosylation 
symbol © denotes 
residue lys, Arg or His, 
0 denotes the amino 
or Cku, 



spher 
residues 
cor raining l 

Nei. 



and 
Ihe 



Genotype-phenotype correla tion 

The remarkable concordance of pancreatic involvement 
among CF patients of the same family has provided the 
first suggestion thai mutations in die CF Rene have a di- 
rect clinical consequence [26). Kerem and coworkers (4) 
have proposed that there are \severe and 'mild* muta- 
tions that determine the level of pancreatic function. Ap- 
proximately 90% of CF chromosomes are believed to 
carry a severe allele, such as APhe508, whereas the rest 
cany a mild allele- About 85% of patients, who are pan- 
creatic insufficient (PI), are thought to have two severe 
alleles; the other \5% of CF patients, who are pancreatic 
sufficient (PS), are thought to have at least one mild allele. 
Not all homozygous APhe5Q8 patients arc diagnosed as 
being PI. however. These exceptions may constitute ihe 
10-20% of PS patients whose pancreatic function deteri- 
orates at later stage [27], 

Besides APhe508, at least 10 other mutations (GM93— 
stop, AUe507, 17170 G-1A, Gly542-siop, $erf4S>->Ile, 
Ser549— Arg, Gly551— Asp. Arg560— Thr. 3659delC and 
Trpl262-»stop) are classified xs severe alleles 1 18,20.28]. 
Only three mild alleles (Ala455^Glu, Tyr$63-*Asn and 
Pro574-*His) have been defined so far [18). It is of in- 
terest to note that the severe alleles are generally not ex- 
pected to produce complete CFTR, whereas the mild al- 
leles are missease mutations. 

Although most PS patients tend to have better lung func- 
tion than PI patients: there does not seem to be a direct 



correlation between genotype and 
[2?*]. Thus, additional genetic and 
are clearly involved in determining 
is also possible that the role of 
fereni organs. A better understanding 
awaits a more detailed analysis of 
itself. 



" CFrR 



Construction of a full-length CFTR cDNA 



2501 



die 



The cloning of die CFTR gene 
produce the protein in Various 
further biochemical and .physiologji 
of the large size of the gene (2 
of knowledge about its promoter 
. have used a fulMength j cDNA 
die control of a heterologous promoter, 
don of a full-length cDNA from 
overlapping fragments (3] has beeifi 
by die instability of a DNA 
ing region (JM Rom mens, S Dho 
. D Kennedy. JR Riordan; L-C Tsui 
published data) [31",32;*]. This 
eventually overcome by "the use 
bacterial plasmid [30**) and, independently 
ing nucleotide substitutions wiihir, 
stable region [31"-33"). Such co 
most of the transfection experiments 



sequence 



of; 
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j: ulmonary phenorype 
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lung function, and it 
is different in dif- 
of the phenorypes 
i he function of CFTR 



oTers 



the potential to 
expression systems for 
cal analyses. Because 
kb) and the lack 
region, most studies 
insert expressed under 
The reconstruc- 
previously isolated 
hampered, however, 
within the cod- 
CE Bea. N Kartner. 
and JK Foshett, un- 
technical difficulty was 
a low-copy number 
by iniroduc- 
the presumptive uh- 
isiructs were used for 
discussed below. 
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Genetics of disease 



Detection of CFTR protein 



A set of specific antibodies directed against CFTR would 
be extremely valuable in the study of this protein. Unfor- 
tunately, cross-reactive materials of unknown nature are 
also detected by many of the antibodies directed against 
synthetic peptides or fusion proteins, even in cells that 
do not appear to express CFTR (on the basis of RNA de- 
tection). Nevertheless, with proper controls; and through 
the use of heterologous transfection systems, Gregory et 
al [30—] and Kartner eial [32" ) have shown thai ma- 
ture CFTR corresponds to a diffuse band of 1 50-170 kD 
on SDS-potyacrylarnide gels. The proteins synthesized 
using full-length CFTR transcripts in vitro and in expres- 
sion systems lacking giycosylation activity have a much 
faster mobility (130-140 kD) [30**32"]« The difference 
in mobility is, therefore, probably a result of glycosylaiion 
in the mature protein, although the apparent molecular 
weight of the ungrycosyiated form is much lower than 
that predicted from the amino acid sequence. The cause 
of this aberrant mobility is unknown, but the observa- 
tion appears to be common among membrane-associ- 
ated proteins. 

The problem of giycosylation has also been studied by 
Chen g et al [33* # ] by expressing a number of mutant 
CFTR variations in monkey Cf)S-7 cells. These transfec- 
tion srudies show thai giycosylation is incomplete for 
a number of mutant proteins (e.g. APhe508, AIle507> 
Iys464-Met, Phe508-Arg and Ser549-Iley It is sug. 
gested that these mutant proteins are recognized as ab- 
normal and thus retained in the endoplasmic reticulm. 
where they are subsequently degraded. These investiga- 
tors further propose that die molecular basis of most CF 
is the absence of mature CFTR at the correct cellular lo- 
cation 133**]. Thus model, although appealingly straight- 
forward, cannot account for those mutants in which 
giycosylation appears to be normal (e.g. Arg334-> Trp, 
Gly551 -»Asp and Lysl2f>0— Met). It may be the case that 
mutant proteins do predispose slightly different clinical 
phenotypes depending on whether glycosyhtion is nop 
mal or not. but all the mutants mentioned above appear 
to be in the severe class, irrespective of glycosyiation sta- 
tus. Moreover, it is unclear if giycosylation is required 
for function 132—]. Therefore, the value of the COS cell 
transfection svsiem needs further eonsi deration. 



Detection of cAMP-regulated chloride 
conductance 



Two independent studies haw recently demonstrated 
that introduction of a CFTR cDNA clone into cells de- 
rived from CF patients am confer cAMP-inducible Ci" 
permeabtliry like thai present in norma) cells and absent 
in CF cells 131-3-i-J. 

In one study. Rich vt id, |3*-*] introduced a CFTR- 
expressing clone into primary and transformed CF air- 
way epithelial cells, using the vaccinia virus expression 
system. Cl~ channel activity, as measured by iodide tlu.\. 



was monitored in a singi 
transacted cells were loaped 
SPQ (6-methyI-N-(3 
duction of intracellular 
crease of 1" flux was 
with the normal cDNA 
the variant containing 
was considerable cell to 
however. Nevertheless, 
that cAMP induced whol|e 
higher in cells with the 
the APhe508 variant. 



? cell assay system in which the 
with the halide>sensiuve dye 
sulfdpropyOquinolinium), Upon in- 
:AMP levels with fbrskolin, in- 
more rapid in cells transfected 
than in those transfected- with 
he APhe508 mutation. There 
cell variability in the response, 
clamp measurements show 
cell current were significantly 
riormal CFTR than in those with 



pitch i 



In the other study. Dtfumm 
retrovirus-mediated gene 
a CFTR-cxpressing done 
dnoma cell line, CF-PAC, 
also observed, i a significant 
ceils containing intact 
treatment. In addition, 
cell current was observe^ 
CFTR, whereas no inc 
cells containing the contjrol 
relationship measured 
live of 3 linear channel 



tCFTR 



[for 



with 



described 



i enccdi 



ney 
of 



Although studies 
identity of the gene 
necessary first step in deteloping 
for treating the disease, 
tion about thelfunction 
these experiments whether 
ulated Ci " conductance 
suit of the restoration of 
or the introduction of 
portant insight into this 
ever, by a series of transection 
liai cell opes (IM Rommens, 
D Kennedy* JR Riordan, 
llshed data) 1 32* -35"]. 



in 



mrw 



Using the vacdnia virus 
transfected the CFTR 
ster ovary and N1H 3T3 
an increased anion 
in the presence of 
observed for the non 
expressing a mutant 
tivated CI" currents 
in epithelial cells 
cells expressing 
Nations were made by 
cells (5f$) transiently t 
si met containing a full 
current-voltage relations 
rent also appears to be 
conductance is low (8 
st rated that it is possible 
blast (L) cell lines cn 
same cAMP-regulated CI 
the levels of CFTR 
fectcd I. cells arc highly 
ble to those observed in 
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et al [31" J used the 
transfer method to introduce 
into a CF pancreatic adenocar- 
Although clonal variation was 
increase of 12 5j efflux in the 
was observed upon forskolin 
substantial increase in whole 
only in cells expressing intact 
e in current was detectable in 
vector. The current-voltage 
the activated channel is indica- 
selectivity for anions. 



above serve to confirm the 
ing CFTR and to establish the 
gene therapy strategies 
provide no further informa- 
the protein. It is unclear from 
the appearance of cAMP-reg- 
che CF epithelial cells is a re- 
regulation of existing channels, 
regulatable channels. An im- 
question was provided, how. 
studies with non-epiihe- 
S Dho, CE Bear, N Kartner, 
4-C Tsui and JK Foskett, unpub- 



system, Anderson et al [35**] 
g|ene into HeLa, Chinese ham- 
fibroblast cells, and detected 
pedneabiliry and chloride current 
cAM P. Similar increases were not 
■itansfected control or for cells 
CJTR (APhe50S). The cAMP-ac- 
wei e comparable to those seen 
expressing endogenous CFTR or CF 
exogenous CFTR. Comparable obser- 
Kartner et al [32**) for insect 
rarisfected with a baculovirus con- 
ength CFTR cDNA insert, The 
lip for the CAMP -induced cur- 
linear, and the single channel 
dicoSiemcns). we have demon-, 
to establish stable mouse fibre- 
pressing CFTR and to detect the 
"channel activity. Furthermore, 
expression and activity in the trans- 
reprodudble, and are compara- 
human epithelial cell lines. 
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Probing the basic „ eel in cysiic fibrosis Tsui 



Resuiis from ihe iransfectJon studies in non .epithelial 
cells strongly suggest, therefore, that CFTR itself is a reg- 
ulated CI "channel. Although the formal possibility that 
CFTR merely serves to regulate latent CI "channels in 
the transfected cells cannot be completely excluded, the 
presence of channels ^i<h the same properties in differ- 
ent cells types from different species argues agaiast thus 
interpretation. On the other hand, it remains to be ex- 
plained how CFTR acts as a CI - channel, especially as the 
primary structure of CFTR is more suggestive of an active 
transporter than a channel. Can the R>domain perform 
the necessary magic? In addition, the current-voltage re* 
lationship measured for the CFTR channel is apparently 
linear, whereas the previous single channel data showed 
that the defective regulation observed in CF cells affected 
an outwardly rectifying CI " channel. It is also necessary to 
explain a number of other abnormalities observed in CF 
ceils, such as in Na + transport [36] and sulfation {37]. 



Perspective 

It is possible that most of the observed defects in CF cells 
are a result of secondary consequences. A compromise 
suggestion is. that CFTR is a multifunctional protein, act- 
ing as a channel as well as being capable of regulating 
other cellular activities Judging by the speed of research 
in CF nowadays, answers to these questions will proba- 
bly reach die press before this article leaves the editor's 
desk. 
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